Die Veranderung der Chemischen Zusammensetzung der Ther- 
malguellen unter dem Einfluss der Gezeiten. II. Méitteilung. 
Weitere Untersuchungen der Thermalquellen von Ito. 


Von Kazuo KURODA. 


(Eingegangen am 28. Juli 1942.) 


In der vorhergehenden Mitteilung’’ wurde iiber die regelmAssige 
Verinderung der chemischen Zusammensetzung der Thermalquellen von 
Ito (Provinz Sizuoka) berichtet. Der Verfasser hat kiirzlich noch einige 
andere Thermalquellen in Ito untersucht. Zwei Thermalquellen zeigten 
keine Verinderung der Zusammensetzung, eine andere wurde jedoch 
durch Ebbe und Flut betrachtlich beeinflusst. Die Einfliisse der Gezeiten 
auf die chemische Zusammensetzung der Thermalquellen sind bei einzelnen 
Queilen sehr verschiedenartig. Die Stellen der untersuchten Thermal- 
quelien sind in Abb. 1 gezeigt. 


I. Die Veranderung der chemischen Zusammensetzung der Quelle Nr. 
16 (Azumaya-Ryokan-no-yu). 

Es gibt zwei Quellen in Azumaya (Hotel Azuma); (Quellen Nr. 10A 
and Nr. 10B). Die Quelle Nr. JOA, die ungefahr 500m von dem Hotel 
entfernt ist, und zu diesem mittels Rohr geleitet wird, hat héhere Tempe- 
ratur als die Quelle Nr. 10B, die im Hotel selbst ist. Da beide Quellen 
sehr tief liegen, muss das Wasser hochgepumpt werden. Der Verfasser 
hat an einem bestimmten Tage (erster Tag) von 19"30 bis 24" 00 je 30 
Minuten den Chlorgehalt und pH dieser Quellen gemessen. Dieses Resultat 
ist in Tabelle 1 gezeigt. Die Zeit der Ebbe und Flut ist in Tabelle 2 
angegeben. 


Tabelle la. Quelle Nr. 10A Tabelle 1b. Quelle Nr. 10B 
(Azumaya-Ryokan-no-yu) (Azumaya-Rvyokan-no-yu) 


Zeit Cl (g/L) pH Zeit Cl’ (g/L) pH 
19» 30 1.0229 A gh 3 0.2943 7.4 
20 00 1.0233 4 2{ ) 0.2932 
20 ; 1.0219 J 20 3 0.2939 

1.0212 4 2 0.2939 
1.0240 A : 3 0.2939 
1.0233 , 2% 0.2939 
1.0261 ‘ 2% 0.2942 
1.0233 P 2: 0.2942 
1.0233 7. 23 i 0.2936 
1.0247 , 2¢ 0.2947 
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' ; Der Chlorgehalt der Quelle 
Tabelle 2. Nr. 10A veriinderte sich zwischen 
Zeit der Ebbe und Flut des 1.0212-1.0261 g per Liter. Die 
betreffenden Tages. Verinderung ist weniger als 
5/1000. Deshalb kénnen wir an- 
nehmen, dass die chemische Zu- 
Flut 15" 50 151 sammensetzung dieser Quelle 
Ebbe 21 20 91 beinah konstant bleibt. Der Chlor- 
gehalt der Quelle Nr. 10B ver- 
anderte sich zwischen 0.2932- 
0.2947 per Liter. Die Verdnde- 
rung ist also ungefahr 5/1000. 
Solch kleiner Unterschied kann 
_ vielleicht ein experimentaler Feh- 
ler sein. 


Zeit Wasserniveau (cm) 


II. Die Veranderung’ der 
chemischen Zusammensetzung der 
Quelle Nr. 23 (Suzuki-Ryokan-no- 
Yu). 

Die Quelle Nr. 23 liegt un- 
gefahr 60-70m von der Seekiiste 
entfernt. Die intermittierende 
Erscheinung dieser Thermalquelle 
ist sehr interessant. Wihrend der 
Ebbe sprudelt diese Quelle nicht, 
jedoch soll diese Erscheinung nur 
am Tage selbst, bzw. kurz vor 
Abb. 1. und nach dem Vollmond oder 
Neumond, beobachtet worden sein. 


Die Zeit von Ebbe und Flut ist in Tabelle 3 angegeben. 





Tabelle 3. 





Flut Ebbe 
Zeit Niveau (cm) Zeit Niveau (cm) 
Zweiter Tag 2" 40 154 gh 45 5 
16 45 160 22 15 91 
Dritter Tag 3 30 159 10 45 3 


Das Sprudeln dieser Quelle endete um 8" 30 am zweiten Tag. Dann 
wurde die Senkung des Wasserniveaus in dem Rohr beobachtet. Das 
Minimum des Wasserniveaus wird um 10" 15, d.h. 30 Minuten nach der 
Zeit der Ebbe (9" 45) erreicht. Die Wassertemperatur, die in der Ober- 
fliche des Wassers gemessen, sinkt ziemlich schnell herab. Das Sprudeln 
der Quelle begann wieder um 11"16. Die Periode der Suspension des 
Sprudelns ist also 2 Stunden und 46 Minuten. Das Thermalwasser wurde 
zuerst um 11" 45 am zweiten Tag entnommen. Danach wurden Tempe- 
ratur, pH und der Chlorgehalt der Quelle einmal pro Stunde gemessen. 
Danach erzielten wir folgendes Resultat. (s. Tabelle 4). 
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Abb. 2. Verdnderung des Wasserniveaus. 


Tabelle 4. Quelle Nr. 23 (Suzuki-Ryokan-no-yu). 


ee Atom. Luft- Wasser- cy Ergie- 
Zeit Druck Temp Temp. pH bigkeit. 
(mm) (°C) (°C) (g/L) (L/Min.) 
11" 45 762 26 36.5 7.4 3.8364 
12 00 762 26 42.1 7.4 3.7549 1~5 
12 15 762 27.2 12.5 7.4 3.7053 1~5 
12 30 62 27.0 43.1 7.4 3.7762 1~5 
12 45 762 27.0 13.6 7.4 53.8364 10 
13 45 762 27.3 14.3 7.3(7) 3.8542 15 
14 45 762 27.5 44.5 7.4 3.8577 20 
15 45 762 27.5 14.5 7.4 3.8435 30 
16 45 762 21.4 44.5 7.4 3.8400 35 Flut 
17 45 762 27.3 14.5 7.4 3.8294 25 (16.45) 
18 45 762 27.0 44.6 7.4 3.8294 20 
19 45 762 26.9 44.4 7.4 5.8294 15 
20 45 762 26.8 14.3 7.4 5.8400 10~15 
21 45 762 26.2 44.3 7.4 3.8471 15 
22 45 762 24.7 44.3 7.4 3.8471 7 Ebbe 
23 45 762 26.1 14.2 7.4 3.8577 10 (22.15) 
24 45 762 24.3 44.3 7.4 3.8364 10~15 
1 45 762 25.5 44.4 7.4 3.8400 15 
2 45 762 25.9 $4.5 7.4 3.8400 25 
38 45 763 25.5 44.5 7.4 3.8329 25 Flut 
4 45 763 25.3 44.6 7.4 3.8471 30 §=(3.30) 
5 45 764 25.0 44.5 7.4 3.8471 20 
G 45 764 24.2 44.4 7.4 3.8542 15 
45 764 23.8 44.1 7.4 3.8577 10 
8 45 764 23.7 43.5 7.4 3.8187 5 
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Die Veranderung der Ergiebigkeit ist sehr gross und regelmassig, die 
der Temperatur am Anfang und Ende sehr bemerkenswert, sonst jedoch 
kein grosser Unterschied. Der Maximumwert trat 1 oder 2 Stunden nach 
der Flut, und der Minimumwert nach der Ebbe auf. Die Veranderung 
des Chlorgehaltes ist am Anfang sehr merkwiirdig. Der Minimumwert 
tritt um 12" 15 (ungefahr 1 Stunde nach dem Beginn des Sprudelns) auf. 
Die Ursache ist vielleicht darin zu suchen, dass sich zu Anfang kaltes 
Grundwasser mit dem Thermalwasser vermischt. Demnach bleibt der 
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Abb. 3. Quelle Nr. 23 (Suzuki-Ryokan-no-Yu). 


Chlorgehalt der Thermalquellen beinah konstant. Wenn man die Ana- 
lysenresultate vorsichtig betrachtet, treten bei Flut Minima und bei 
Ebbe Maxima auf. Diese Neigung ist der Quelle Nr. 21 sehr dhnlich, die 
in der vorhergehenden Untersuchung studiert worden ist. Die pH-Werte 
bleiben beinah konstant, und man kann keine regelmdssige Verinderung 
bemerken. 


Erorterung. Die Verinderung der Ergiebigkeit und Temperatur der 
Queile Nr. 23 kann man mit Hilfe der Fukutomi’schen Theorie, die sagt, 
dass der Einfluss von Ebbe und Flut auf die Thermalquellen nicht durch 
die direkte Mischung von Seewasser und Thermalwasser verursacht wird, 
sondern nur der Veranderung des Gezeitendrucks auf den Wasserdruck 
im Thermalquellenwasserweg zuzuschreiben ist, gut erklaren. Um die 
Verainderung des Chlorgehaltes zu erklaren, méchten wir eine geringe 
Vermischung von kaltem chlorarmen Grundwasser und Thermalwasser 
betrachten. Die Zusammenhiange zwischen Thermalwasser, Seewasser 
und Grundwasser sind bei dieser Thermalquelle ganz gleich wie bei den 
Quellen Nr. 22 und 21, die in der vorhergehenden Mitteilung schematisch 
gezeigt worden sind. 
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Zusammenfassung, 


Die Verainderung der chemischen Zusammensetzung von 3 Thermal- 
quellen in Ito (Provinz Sizuoka) wurde untersucht. 2 Quellen zeigten 
keine Veranderung von Temperatur, pH und Chlorgehalt. Eine Quelle 
wurde jedoch betrachtlich durch Ebbe und Flut beeinflusst. Maxima von 
Ergiebigkeit und Temperatur, Minima von Chlorgehalt treten 1 oder 2 
Stunden nach der Flut auf. Diese Quelle sprudelt waihrend der Ebbe 
ungefahr 3 Stunden lang nicht. 


Ich erlaube mir hiermit Herrn Prof. Kenjiro Kimura fiir seine freund- 
liche Anleitung und steten Ratschlage, die mir bei der Ausfiihrung dieser 
Arbeit zuteil geworden sind, meinen herzlichsten Dank aussprechen. 
Herrn Dr. Yasuo Miyake méchte ich fiir seine freundliche Ratschlige, 
Herrn Kigosi fiir seine eifrige Hilfe herzlich danken. Dem Unterrichts- 
ministerium sei fiir die Gewahrung einer Unterstiitzung zur’ Anregung 
wissenschaftlicher Forschung gedankt. Der Kaiserlichen Akademie der 
Wissenschaft sind wir fiir ihre finanzielle Unterstiitzung ebenfalls zu 
grossem Dank verpflichtet. 


Chemisches Institut der Naturwissenschaftlichen Fakultét, 


Kaiserliche Universitat zu Tokio. 





Uber die Acetolyse von 1-Brom-sinomenein-keton.”’ 


Von Kakuji GOTO, Ryozo MORI* und Tatsuo ARAI. 


(Eingegangen am 31. Juli 1942.) 


Wir haben vor einigen Jahren iiber die Acetolyse von 1-Bromsino- 
menein-keton" berichtet’’. Die diusserest schlechte Ausbeute an Phenan- 
thren-kérper (1-Brom-3-methoxy-4,6,7-triacetoxy-phenanthren) hat uns 
veranlasste schon dabei unsere Achtung auf dem stickstoff-haltigen Pro- 
dukt zu richten. 

Um das letztere zu isolieren, wurde das Acetolysat, nach Verjagen 
des Anhydrides, in Methanol gelést und in 3 proc. Essigsiure eingegossen. 
Das klare, gelbe Filtrat wurde dann mit Soda alkalisiert und schnell in 
Aether aufgenommen. Der Aether-Riickstand wollte sich nicht krystalli- 
sieren, aber beim Zusatz von Methyljodid wurde er sofort in ein wohl 





(1) LIII. Mitteilung itiber Sinomenin. 

* Herr Ryozo Mori hat kurz vorher durch einen Unfall sein Leben zum Vaterland 
geopfert. Wir bedauern seinen Tod, aber sein iieber Charakter wird in dem Gedichtnis 
von seinen Freunden ewig fortleben. 

(2) Diese Bulletin, 8(1933), 369. 
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krystallisierendes, gelbes Jodmethylat von einer Base (II) umgewandelt, 
die wir aus folgenden Griinden als Diacetyl-1-brom-dehydro-sinomeninon 
bezeichnen wollen. 


CH,0” “Br CH,O% “Br CH,07 Br 
AcO. , HO, 
O CH; 
) oN 
N—CH N—CH, He CH, 
O\ Y AcO" OV | 
6 6 re) 
I Il Lil 


Das Jodmethylat schmilzt bei 203° und besitzt die Bruttoformel 
C.3;3H.;NO,BrJ, enthalt das originale Methoxyl, zwei leicht hydrolysierbare 
Acctoxyle und zeigt nur fade braune Farbe mit konz. Schwefelsdure. 

Behandelt man dieses Jodmethylat mit Dimethylsulfat und Alkali, 
so werden die zwei Acetyle gegen zwei Methyle getauscht, gedffnet an 
seiner C-N-Bindung und es entsteht eine des-N-Base. Die letztere wurde 
als Jodmethylat in schénen Krystalien erhalten, besitzt die Molekular- 
formel Co.H»»NO,BrJ, schmilzt bei 201.5° und gibt mit konz. Schwefel- 
saiure sofort eine schéne blaue Farbe. Die zugrunde liegende freie Base 
ist als des-N-Methyl-dimethyl-1-brom-dehydro-sinomeninon (IV) zu _ be- 
zeichnen. 

Die Frage, ob in Diacetyl-1-brom-dehydro-sinomeninon der Oxydring 
gedffnet worden ist, wurde durch die Acetolyse von 1,5-Dibrom-sinome- 
ninon (V) in bejahender Weise beantwortet. Dabei haben wir dieselbe 
Diacetyl-1-brom-dehydro-sinomeninon erhalten, wie aus 1-Brom-sinome- 
neinketon. Der Mischschmelzpunkt der Jodmethylate aus beiden Quellen 
bleibt auch unverandert. 


CH,0”% “Br CH,O” “Br CH,O/ Br 
CH,;0, Ye HO, y CH,0! 
J 
N JN a J® y, 
(CH; Bro “ \N—CH; 
CH,0! , Oo. » CH;O, , 
0 OH 
IV V VI 


des-N-Methy]-dimethy]-1-brom-dehydro-sinomeninon-jodmethylat (IV) 
gibt beim Kochen mit 16.5 proc. Natronlauge zwei Phenanthrenkorper, 
davon einer ist alkali-léslich und der andere nicht. Der erstere ist be- 
sonders das Hauptprodukt, wenn man den Abbau in wassrigalkoholischem 
Alkali ausfiihrt. Dieses Phenanthren enthalt drei Methoxyle und ein 
Hydroxyl. Das Bromatom bleibt intakt. Die Stellung von diesen vier 
sauerstoffhaltigen Substituenten muss ganz gleich wie in Sinomenol selber 
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sein, weil dieses 1-Brom-oxy-trimethoxy-phenanthren sich sehr leicht zu 
1-Brom-dimethyl-sinomeno] methylieren lasst. 

Acetylierung von diesem Brom-oxy-phenanthren fiihrte, aber zu einem 
Acetyl-derivat, das ganz verschieden von dem 1-Brom-3,4,7-trimethoxy-6- 
acetoxy-phenanthren ist, welches man durch Acetolyse von 1-Brom-4- 
methylsinomenin gewonnen hat“). Dieser Unterschied lisst sich auch in 
den entbromten, benzoylierten Derivaten beider Phenanthrene feststellen. 
Da die durch Oeffnen von Oxydring entstandene, 4-standige Phenolgruppe 
erfahrungsgemiss leicht methylierbar sein muss, suchen wir die Ursache 
des Unterschiedes dieser zwei Brom-phenanthrene in der umgekehrten 
Stellung von 6-Acetoxy- und 7-Methoxygruppen. Wenn diese Annahme 
richtig ist, dann muss das in Frage kommende Produkt 1-Brom-7-oxy- 
3,4,6-trimethoxy-phenanthren (VI) sein. 

Diese Deutung passt wohl die angenommene chinoide Forme] (II) 
von Diacetyl-1-brom-dehydro-sinomeninon. Eine der Keton-gruppen in 
dieser Substanz ist in der Stellung (7), wo die Enolisierung vollstandig 
verhindert ist. Alkalyse von einer Substanz von der Konstitution IV 
wird natiirlich zu dem Phenanthren (VI) fiihren. Das Zustandekommen 
der chinoiden Substanz II aus 1-Brom-sinomenein-keton (1) ist leicht ver- 
standlich wenn man annimmt dass beim Oeffnen des Oxydringes, ein 
dreigliedriger Ring unter C(5), C(13) und C(14) oder ein vier-gliedriger 
Ring unter diesen drei und C(8) gebildet und dann dieser drei-oder vier- 
gliedriger Ring wieder hydrolyticch geéffnet wird, eine Doppelbindung in 
8~14 Stellung hinterlassend, wie etwa in den folgenden Formelbildern 
gezeigt wird. . 


} | | 
HOH’ \4,;\N—CH, H7Z/\“\N—CH; Ha” YOnN—CHs 


-" + a+ Il 


O. JH: O. /H: Ov /H- 
O e) O 


| - 


Eine Stiitze fiir die chinoide Struktur dieser Diacetyl-base (11) ist 
die Tatsache dass sie eine tief rote Farbe zeigt, wenn sie mit kaustischem 
Alkali desacetyliert. Die Farbe schlagt beim Ansduern gelb um. Die 
des-N-Methyl-dimethyl-base (IV) hat kein salz-bildendes Ort und zeigt 
natiirlich diese Farbeninderung nicht. 


Versuche. (—)-Diacetyl-1-brom-dehydro-sinomeninon-jodmethylat 
(II). (a) Durch Acetolyse von 1-Brom-sinomenein-keton. 30g 1-Brom- 
sincmenein wurden durch einstiindiges Erhitzen mit 50 cem konz. HCl-+ 
100 ccm Wasser bei 100° ins Diketon (1) umgewandelt. Die Lésung wurde 
zuerst allein und dann dreimal mit Methanol i. V. abgedampft. Der Riick- 
stand wurde mit 200ccm Essigsdure-anhydrid und 10g Na-acetat vier 
Stunden gelinde gekocht. Nach dem Verjagen des Anhydrides i. V., wurde 
der Riickstand in Methanol gelést und in 600 ccm 3 proc. Essigsiure ein- 
gegossen. Das Filtrat wurde, nach Alkalisieren mit Natrium-carbonat, 
schuell mit Aether geschiittelt und der Aether mit Natrium-sulfat ge- 
trocknet. Der Aether-riickstand wollte sich nicht krystallisieren, aber 


(3) LI, Mitteilung, dieses Bulletin, 17(1942), 306. 
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verwandelte sich beim Zusatz von Jodmethyl unter Erwarmung ins Kry- 
stallbrei. Rohe Ausbeute 33 g, d.h. 66% d.T. Dieses Jodmethylat lasst 
sich aus Methanol umlésen. Dann stellt es wohl gebildete Nadeln oder 
kurze Prismen dar. Schmp. 203°. In konz. Schwefelséure lést es sich 
fade rosa. 

(b) Durch Acetolyse von 1,5-Dibrom-sinomeninon (V). 3.2 g Sino- 
meninon wurden, in 60ccm Eisessig gelést, mit 3.2g¢ (=2 Mol.) Brom, 
verdiinnt ebenso mit 60 ccm Eisessig, an seinem C(1) und C(5) bromiert. 
Nach Abdampfen des Eisessigs, wurde der Riickstand ganz in der Weise 
wie unter (a) angegeben, behandelt. Das Jodmethylat wog ca. 2¢ d.h. 
50% d.T. Aus Methanol! krystallisiert es in achteckigen Plattchen und 
schmilzt bei 198° (auch die Mischprobe). Gefunden: C, 44.05; H, 4.35; 
N, 2.30; Br, 13.18; J, 19.98; CH.O. 5.18. Berechnet fiir C.,H.;NO,BrJ 
(618): C, 44.66; H, 4.05; N, 2.27; Br, 12.92; J, 20.71; CH;0, 5.02%. 

Acetyl-bestimmung. 0.3000 g Jodmethylat, gelést in 30 cem Methanol 
und versetzt mit 10cem N/5-NaOH. Nach Erwarmen bei 100° fiinf 
Minuten, wurde mit destilliertem Wasser stark verdiinnt und mit N/5- 
H.SO, titriert, Lackmus und Phenolphtalein als Indikator. Verbraucht 
wurden 5.4cem N/5-H.SO,, also (10-5.4) x41+5000=0.03772 g Acetyl. 
Ber. 18.27%, Gef. 12.57%. Spec. Drehung. Subst.=0.0942¢; 50% 
Methanol=10 cem; 1dm—Rohr; a=—0.21°; [a],,'*=—22.3°. 

(+)-Diacetyl-1-brom-dehydro-sinomeninon-jodmethylat (11). lg 
(—)-1-Brom-sinomeninon (aus (—)-Dihydro-thebainon) wurde mit 1 Mol 
Brom bromiert und dann wie in (b) acetolysiert und behandelt. Ausbeute 
0.32. Schmp. 203° (aus Methanol). Alle anderen Eigenschaften sind 
gleich mit dem (—)-Jodmethylat aus Sinomenin, ausgenommen der spec. 
Drehung. Spec. Drehung. Subst.=0.0958¢; 50% Methanol=10 ccm; 
1dm—Rohr; a=+0.21°; [a];!9=+21.9°. 

d,l-Diacety]-1-brom-dehydro-sinomeninon-jodmethylat. Durch Ver- 
einigen und Abdampfen der obigen beiden Lésungen. Flache Prismen aus 
Methanol. Schmp. 193°, a=+0°. 

Der N-freie Anteil ist, wie schon berichtet, 1-Brom-3-methoxy-5.6,7,- 
triacetoxy-phenanthren. Dieses Phenanthren wird durch Acetolyse dieses 
Diacetyl-jodmethylates (II) in 80 proc. Ausbeute erhalten. 

1-Brom-dehydro-sinomeninon-chlorhydrat. (ableitet von II). 9.2¢ 
des Aether-riickstandes, beschrieben in (2), wurden mit 17 ccm 10 proc. 
Salzsaiure tiber Nacht stehen gelassen. Dann wandelte die ganze Lésung 
in Krystallbrei von desacetyliertem Chlorhydrat um. Zersp. 203° (wasser- 
frei; Sintern ab 190°). Eisenchlorid-Reaktion rotbraun. Gelbrote Farbe 
mit kone. Schwefelsiure. Gefunden: C, 50.56; H, 4.70; Cl, 8.46. Be- 
rechnet fiir C,,H;yO,NBr-HCl (429.5): C, 50.29; H, 4.42; Cl, 8.29%. 
Spec. Drehung. Subst.=0.1180 gr; Wasser=10ccm; 1 dm-Rohr. a= 
-0.06; [a]p*=—5.10°. 

des-N-Methyl-1-brom-dehydro-sinomeninon (III). 1.5g Diacetyl-1- 
Brom-dehydro-sinomeninon-jodmethylat (II) wurden in 40ccm Wasser 
gelést (eventuell filtriert) und nach Zusatz von 5ccm 33 proc. NaOH 
eine Stunde bei 50~60° erwirmt. Die Lésung farbt sich stark gelbbraun. 
Nachdem das freie Alkali mit CO. fixiert wurde, versetzte man 40 ccm 
Methanol und mit Chloroform wiederholt geschiittelt. Der Chloroform- 
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Riickstand krystallisierte beim Zusatz von Methanol. Gelbe Prismen, die 
an der Luft verréten. Schmp. 184-187°. Jodfrei. Ejisenchloridreaktion 
zuerst rot (Diketon), nach einigen Tagen griin. Stark blaue Halochromie 
in konz. Schwefelsdure (des-N-Methyl-base). Gefunden: C, 55.63; H, 5.15; 
N, 3.31. Berechnet fiir C,y,H.»)NO,Br (406): C, 56.15; H, 4.92; N, 3.45%. 
Spec. Drehung. Subst.=0.0937¢; 2% HCl=10ccm; 0.5 dm-Rohr; 
a=+1.33°; [a]p!*=+283.9°. 

Durch Acetolyse gibt diese Substanz (III) das 1-Brom-3-Methoxy- 
4,6,7-triacetoxy-phenanthren in einer guten Ausbeute. 

(—)-des-N-Methyl-dimethyl-1-brom-dehydro-sinomentnon-jodmethylat 
(IV). 4g Diacetyl-1-brom-dehydro-sinomeninon-jodmethylat (11) wurden 
in 35cem Wasser gelést und mit wechselseitigem Zusatz von 10cem 33 
proc. Natronlauge und 10 ccm Dimethyl-sulfat methyliert. Die Tempera- 
tur muss am Ende bei 70~75° gehalten werden. Durch Zusatz von 4¢ 
Kaliumjodid zu der noch warmen Lésung wird das Jodmethylat dieser des- 
N-Methyl-dimethyl-base zur Krystallisation gebracht. Umgelést aus 
zehnfacher Menge Wasser, stellt es gelbe Prismen dar, die bei 201.5° unter 
Zers. schmelzen. Ausbeute 2 g. Blaue Halochromie in konz. Schwefelsaure 
(des-N-Methylbase). Gefunden: C, 45.21; H, 5.24; N, 2.31; Br, 13.65; 
J, 22.80; CH,0, 15.72. Berechnet fiir C..H.,.NBrJO,(578): C, 45.69; 
H, 5.02; N, 2.42; Br, 13.84; J, 21.97; 3CH;0, 16.09%. Spez. Drehung. 
Subst.=0.0684 gr. Methanol=10 ccm; 1 dm-Rohr. a=—1.16°; [a],,”° 

169.6°. 

(+ )-des-N-Methyl-dimethyl-1-brom-dehydro-sinomeninon-jodmethylat 
(IV). Darstellung aus (+)-Diacetyl-jodmethylat (11; S. oben) in der 
ganz ahnlichen Weise wie bei (—)-Substanz. Schmp. 199°. Ausbeute 
ca 50%. Spec. Drehung. Subst.=0.0675 g; Methanol=10 cem; 1 dm-Rohr. 
a=+1.17°. [a]p77*=+170.4°. 

dl-Substanz. Die beiden Lésungen, dei man bei der optischen Mes- 
sung gebraucht hat, wurden vereinigt und verdampft. Kurze, hexagonale 
Prismen (ebenso aus Wasser). Schmp. 224°. a=+0. 


Hofmannscher Abbau von des-N-Methyl-dimethyl-1-brom-dehydro- 
sinomeninon-jodmethylat. 


4g dieses Jodmethylates (IV) wurden mit 30 ccm 11 proc. Natron- 
lauge 15 Minuten und dann, nach Zusatz von 30 ccm 5 proc. Natronlauge, 
noch eine halbe Stunde gelinde gekocht. Aus der mit Wasser verdiinnten 
alkaiischen Lésung gewann man mittelst Chloroform ein Phenanthren von 
Schmp. 178° (umgelést aus Aethanol; Ausbeute 0.3 ¢), welches, aber, zur 
Zeit nicht untersucht wurde. Die Alkali-lésung wurde dann mit Kohlen- 
séure gesattigt und wieder mit Chloroform extrahiert. Das alkali-lésliche 
Phenanthren krystallisiert dann in Prismen von Schmp. 161° (auch aus 
Aether). Ausbeute 1g Leicht léslich in org. Lésungsmitteln. Ejisen- 
chlorid-Reaktion griin. Gefunden: C, 56.01; H, 4.24. Berechnet fiir 
C,7H,;0,Br (363): C, 56.19; H, 4.13%. 

Methylieren. Durch Methylieren dieses Phenanthrens mit Dimethyl- 
sulfat und Alkali wurde 1-Brom-dimethyl-sinomenol (Schmp. 114.5°; auch 
Mischprobe) gewonnen. Dies beweist klar dass die Umlagerung der 
O-haltigen Gruppen nicht stattgefunden hat. 
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Acetylieren. 0.4g des Phenanthrens + 0.1g Na-Acetat + 10ccm 
Essiganhydrid wurden eine Stunde gekocht. Das 1-Brom-3,4,6-tri- 
methoxy-7-acetoxyphenanthren schmilzt bei 132° (aus Ejisessig). Aus- 
beute 0.3¢. Gefunden: C, 56.29; H, 4.24. Berechnet fiir C,,H,;0;Br 
(405): C, 56.29; H, 4.19%. 


Dasselbe Acetyl-phenanthren wurde auch durch Acetolyse von des-N- 
Methy]l-dimethyl-1-brom-dehydro-sinomeninon-jodmethylat (IV) erhalten. 
Schmp. 129°; Ausbeute 30%. Dieses Produkt wurde desacetyliert und mit 
Dimethyl-sulfat und Alkali methyliert. Das entstandene 1-Bromdimethy]l- 
sinomenol schmilzt bei 143° (auch die Mischprobe). 


Benzoylieren. Das Phenathren (VI) wurde in 4 proc. Natronlauge 
gelést (Ausscheidung von Phenolat). und nach Schotten-Baumann mit 
Benzoy!chlorid benzoyliert. Das 1-Brom-3,4,6-methoxy-7-benzoyloxy- 
phenanthren krystallisiert in Nadeln aus Methanol. Schmp. 177°. 
Gefunden: C, 61.75; H, 4.07. Berechnet fiir C.,H,»BrO; (467): C, 61.67; 
H, 4.07%. 

3,4,6-Trimethoxy-7-benzoyloxy-phenanthren. Das Brom-phenanthren 
(VI) wurde katalytisch entbromt. Weder das bromfreie Phenol noch 
dessen acetylierte Produkt war krystallin. Das nach Schotten-Baumann 
benzoylierte Oxy-phenanthren war, indessen, wohl krystallisierend. 
Schmp. 141.5°. Gefunden: C, 73.82; H, 5.25. Berechnet fiir Co;H2O; 
(388): C, 74.22; H, 5.15%. 

Benzoyl-Bestimmung. Hydrolyse mit 0.25 N alkoholischem Kali und 
Riicktitrieren mit 0.2 N Schwefelsaure. Ber. 27.01%. Gef. 29.91%. 

§,4,7-Trimethoxy-6-benzoyloxy-phenanthren. Zum Vergleich, wurde 
das letztere Phenanthren durch Kalischmelze von Methyl-sinomenin und 
darauffolgende Benzoylieren des auch nicht krystallisierenden Oxy- 
phenanthrens dargestellt. Schmp. 139°. Gefunden: C, 73.71; H, 5.39%. 


Die Mischprobe der beiden Trimethoxy-benzoyloxy-phenanthrene 
schmolz aber, bei 134° (mit vorherigem Sintern ab 120°). 


. 


Kitasato Institut, Tokio. 
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The Glow Electrolysis and its Mechanism. (II).“’ On the Study 
of the Formation of Basic Salts. 


By Yohei YAMAGUCHI and Akinori MUTA, 


(Received August 24, 1942.) 


Introduction. The study of the mechanism of glow electrolysis, in 
which one of the electrodes of the ordinary electrolysis is drawn up in 
the atmosphere and the electric current is flowed by the glow discharge 
between this electrode and the surface of the solution, has been investigated 
by the following authors. 

Since 1887, Gubkin“® studied the glow discharge of the solutions of 
zinc sulphate, silver nitrate and platinic chloride and obtained zinc oxide, 
metallic silver and metallic platinum, respectively; Giinther-Schulze®’, 
Makowezki“), Haber’, Klemenc'”’, Corbino’, Cousin, Jolivois®®, Fichter 
and Keslenholz studied on various sorts of salt solutions and obtained 
oxides and hydroxides. Many of them often observed that the current 
efficiency was about 120% or more, especially for the solutions of copper, 
zine, and lead salts. And they attributed the anomalous current efficiency 
to the photochemical action or adsorption without quantitative analyses 
of the products. 

Yamaguchi and Shiba" previously studied on the glow electrolyses 
for various salt solutions and discussed the experimental results with the 
theory dissociation of water molecules by the impacts of electrons. Ya- 
suda“' reported that colloidal solutions were obtained by the similar 
process. 

In the present experiment, the products of the glow electrolyses for 
cupric sulphate and zine sulphate solutions at various concentrations were 
carefully examined by the quantitative analysis, etc. It was found that 
many products were composed of such basic salts as 2 CuSO,-5Cu(OH)>- 
H:O; CuS0O,-3Cu(OH).; ZnSO,-3Zn(OH)., and the glow electrolysis 
gave one of the new methods of formation of basic salts. The abnormal 
discrepancy of the actual current efficiency from that calculated by Fara- 
day’s law is attributed to the formation of basic salts. 











(1) Y. Yamaguchi and A, Muta, J. Electrochem. Assoc. Japan, 10(1942), 232; 
Y. Yamaguchi and T. Shiba, this Bulletin, 9(1934), 83. 

(2) J. Gubkin, Pogg. Ann., 32(1887), 114. 

(3) <A. Giinther-Schulze, Z. Elektrochem., 31(1925), 187. 

(4) A. Makowezki, Z. Elektrochem., 17(1911), 217. 

(5) F. Haber and A. Klemenc, Z. Elektrochem., 20(1914), 485. 

(6) A. Klemenc, Z. Phys. Chem., 130(1927), 378; A 154(1931), 385; A 166 
(1933), 313; B 27(1935), 339; A 179(1938), 1; A 182(1938), 91; B 40(1938, 252; 
Z. Elektrochem., 37(1931), 742. ‘ 

(7) O. M. Corbino, Atti. Acad. Lincei. Roma, 6.5.(1927), 377. 

(8) M. P. Jolivois, Ber., 71(1938), 73; Bull. soc. chim., [5] 5(1938), 1429. 

(9) F. Fichter and K. Kestonholz, Helv. Chim. Acta, 23(1940), 209. 

(10) M. P. Jolivois, Helv. Chim. Acta, 23(1940), 405. 

(11) S. Yasuda, Japan. Assoc. Advancement, 15(1940), 327. 
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Apparatus. The apparatus is shown in Fig. 1. The discharge cell 
is a U-tube of 5.5cm. in diameter, the cathode of platinum wire is held 
in gas phase and the anode is immersed in the solution. The diameter 
of the platinum wire is 1.4mm. and the distance between the tip of the 
platinum wire of the cathode and the surface of the solution is about 
5mm. The pressure of gas phase is always kept at 5 to 10 mm. Hg., and 
the voltage of the glow electrolysis is held at 300 to 600 V. The apparatus 
is put in a mixture of ice and salt. The diagram of circuit is shown in 
Fig. 2. 


























Fig. 2. 


Experimental. (1) In the case of the glow electrolysis of zinc 
sulphate solution, white thin membrane of precipitate is generally formed 
from the concentrated solution, and white colloid is generally from com- 
paratively dilute one, while white colloid is always formed from the 
solution which is stirred by bubbles of air. 

After the precipitate was filtered, and washed until there was no 
reaction of SO,, it is dried between 100°-110°C. and weighed. It is then 
dissolved in NaOH solution and electro-analysed at 50°C., 4.4V and 0.8A 
for 2 hours. The total weight of zinc is weighed, and compared with the 
weight of copper from copper coulometer. Thus the current efficiency of 
zinc is determined, and the weight per cent of zinc in the precipitate is 
also obtained. 


Table 1. 
Current 
No. Cone. (mol./I1.) V MA mm. Hg “a Zn (%) 
(% 

1 2.00 560 38 51 110 55.5 
2 1.79 500 58 26 110 54.9 
3 1.02 520 44 28 117 55.7 
4 0.77 540 44 26 115 55.5 
5 0.46 556 41 56 106 55.4 
6 0.062 540 60 31 118 55.5 
7 0.046 520 42 30 109 55.5 
0.032 621 30 68 89 56.3 
0.031 600 30 27 104 55.7 
10 0.013 624 26 55 97 54.5 
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From Table 1 we can see that the products are in the same composi- 
tion in these regions of concentration. 


Quantitative Analysis. As stated above, the total weight of the pre- 
cipitate and Zn are weighed, and the weight of SO;-~ is also determined 
by BaCl.. From these results the proportion of ZnSO, to Zn(OH). also 
is known as 1 to 3 as shown in Table 2. Water of crystallization is also 
examined by heating. There is found only 29.2% of loss in weight, which 
will be obtained by the reaction ZnSO,-3Zn(OH).—4ZnO. Therefore, the 
precipitates have no water of crystallization. 


Table 2. 


Concentration Total Weight ‘ . — ‘ 
oo i msSOoO, : , 
No. or) (g.) Zn (g.) SO, (g.) ZnSO, : Zn(OH) 
11 re fe 0.0810 0.0460 0.0172 1:3.06 
12 0.02 0.1321 0.0725 0.0326 1:3.02 


(2) Very Dilute Zine Sulphate Solution. When a very dilute solu- 
tion vf 8.04x10-* mol./l. is electrolysed at 1000V, 4mA, and 9mm. Hg. 
white colloidal solution is obtained. The product is found to be of the 
composition Zn(OH). by quantitative analysis and crystalline by the 
Debye-Sherrer photograph. 


(3) Cuprie Sulphate Solution. (a) Current efficiency. The green 
precipitates are formed by the glow electrolysis. The total weight of the 
precipitate is determined by the same treatment as in the case of zinc 
sulphate. It is then dissolved in nitric acid and electrolysed with 2.2V 
and 0.6A for 3 hours at 75°C. The weight of the deposited Cu is deter- 
mined and the current efficiency is calculated. 


Table 3. 
No. Se V MA mm. Hg Eificleney Cu (%) 
(%) 

1 0.775 610 4] 28 111 51.0 
2 0.412 660 32 23 108 49.6 
3 0.016 680 38 28 51.2 
4 0.015 680 36 26 50.4 
5 0.011 620 37 26 118 50.9 
6 0.009 580 39 19 113 51.0 
7 0.005 600 27 19 109 51.0 
0.004 660 29 23 125 55.0 
0.002 630 24 19 120 55.2 
10 0.002 755 24 54.1 


It is shown in Table 3 that there are two kinds of precipitates which 
are separately deposited by the different condition of the concentration. 
The condition will be varied by temperature. 
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(b) Quantitative Analysis. The quantity of SO,-~- is determined by 
BaCi. and that of crystalline water is measured by red heating. The 
analytical data of the precipitates of 51 and 55% of Cu are shown in Tables 
4 and 5 respectively. 


Table 4. 
Concentration ‘Total Weight . ee — . 
No (mol./1.) (g.) Cu (g.) SO, (g.) CuSO,:Cu(OH). 
I 0.775 0.1061 0.0541 0.0233 1:2.52 
> 0.015 0.1275 0.0641 0.0300 1:2.51 
3 0.009 0.1354 0.0745 0.0261 1:2.47 
Table 5. 
Concentration ‘Total Weight —— eos AO) . Cn! 
No. (mol./L.) (g.) Cu (g.) SO,-- (g.) CuSO,:Cu‘OH), 
8 0.002 0.2192 0.1207 0.0451 1:3.04 


46.5% of water is driven off by red heat, and 45.6% is expelled by 
the reaction: CuSO,-3Cu(OH).—4Cu0. 


(4) Very Dilute Cupric Sulphate Solution. Greenish blue colloidal 
soltuion is obtained from 5.410 mol./l. solution of CuSO, by the glow 
electrolysis with 820V and 18mA at 23 mm. Hg. The greenish blue product 
is known as CuO-2H.0 by red heat. By heating the green colloidal solution 
soon changes into black colloid, which is 6 CuO-H.O. 


Discussion. As these experiments, basic salts are formed by the glow- 
electrolysis of zinc and cupric sulphate solutions. The basic salt is formed 
by the secondary reaction, while the hydroxide is formed by the primary 
reaction as seen on very dilute solutions. 

Basic salts of cupric and zine sulphate have been usually formed by 
the following two methods, the one is that an insufficient quantity of alkali 
is added to a concentrated salt solution, the other is that metal or oxide 
powders are suspended in a concentrated salt solution. The reaction 
velocity in the former is much faster than in the latter. By the glow- 
electrolysis the formation of basic salt is soon observed after the elec- 
trolysis, as then it is in the former case. Thus, quantity of zinc combined 
as zine hydroxide is in proportion to the amount of coulomb. And the 
hvdroxide is in proportion to the amount of coulomb. And the hydroxide 
combines secondarily with sulphate in the solution to form basic salts. 
Hence the current efficiency of total zinc becomes larger than that calcu- 
iated from the coulometer by Faraday’s law, and often over 100%. 

If a known amount of zine oxide is suspended one month in a satu- 
rated solution of zinc sulphate and the basic salt formed is weighed, the 
weight of the basic salt is the sum of the weights of the zinc oxide, and 
of the zinc sulphate and water combined, as shown in Table 6. 
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Table 6. 
ZnSO,-3Zn(OH).-H2O0 ZnSO,-3Zn(OH).-H.O 
ZnU (g.) (cal.) (obs.) 
0.3665 0.5730 0.5725 


This fact will verify the above explanation of the current efficiency which 
is often over 100%. 

The basic salt is formed immediately, when an insufficient quantity 
of alkali is added to cupric sulphate solution,“* then the activation energy 
of the following reaction is small, and the heat of reaction is as shown 
by the following equation, 

CuSO, (sol.) +3Cu(OH).=CuSO,-3Cu(OH).H.O+5.9 keal.*? 

Hence it is very reasonable that there is the formation of basic salt 
which is more stable than simple hydroxide. 

Current efficiency. From these facts, it is clear that the true current 
efficiency of product corresponds to the weight of metal of hydroxide in 
basic salt. 

The calculated true current efficiencies are shown in Table 7. 








Table 7. 
Current Efficiency Calculated 
Precipitate As Basic Salt Hydroxide only 
(apparent) (7) (true) (%) 
No. 5 ZnSO, -3Zn(OH),, © 118 88.5 
No. 5 2CuSO,-5Cu(OH).,-H.O 118 84.5 
No. 8 CuSO, -3Cu(OH)., 125 94.0 


When we make allowance for the dissolution of anode metal, its 
current efficiency is to be comparable to the current efficiency (85%) of 
the product CuO-2H.0 formed in a very dilute solution of cupric sulphate 

Weights of Cu anodically dissolved per coulomb are shown in Table 
8. It is known that the current efficiency are almost 100%. 


Table 8. 
Precipitate Current Efficiency (%) 
No. 1 2CuSO,-5Cu(OH).,-H.O 98.9 
No. 2 at 101.0 
No. 7 CuSO,-3Cu(OH)., 100.0 
Cu0-2H.0 91.0 


From these results, it is unable to consider that there is the reaction 
which deposits metal at cathode and lets free SO,-~, over the number of 
coulomb passed. 


(12) M. P. Sabatier, Compt. rend., 125(1897), 301. M. O. Binder, ibid., 193 
(1934), 653. 
(13) M. P. Sabatier, Compt. rend., 125(1897), 101. 
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The weight of copper anodically dissolved is somewhat greater than 
that of metal in hydroxide, cathodically formed. This discrepancy is 
attributed to the existence of the reaction Cu--Cu* in some extent, together 
with the main reaction Cu->Cu**, when copper is anodically dissolved, as 
the ordinary electrolysis.) 


The Effect of the Temperature. For the reason that the glow elec- 
trolysis gives metallic compounds, it can be suspected that there is an 
effect of heat, caused by the impacts between electrons and metallic ions or 
water molecules. From the above experiment, it is known that the product 
in a very dilute solution of cupric sulphate by the glow electrolysis is 
CuO-2H.O and not 6CuO-H.O and the reaction CuO-2H.O—6Cu0.H..O 
takes place in an aqueous suspension at 77°C.) From these facts there 
is ne need to suppose the effect of heat for the formation of the metallic 
compounds. 


From the result of the studies on the state of the deposits, it was 
found that in zine sulphate solution by the glow-electrolysis, the deposit 
becomes the more colloidal the more dilute the solution is. The size of 
the particle is known as 10° to 10“ em. by the Debye-Sherrer Method. 


Summary. 


(1) It has been said that oxides are formed by the glow-electrolysis 
of zinc sulphate solution. From the above studies, however, it is known 
that ZnSO,-3Zn(OH). is formed. and the colloidal solution ‘of zine hydro- 
xide is obtained with very dilute solution, as 8.0410-° Mol. 

(2) It has been said that oxide or hydroxide is formed in the cupric 
sulphate solution. From the above researches, however, the basic salt, 
2CuSO,-5Cu(OH).-H.O, is obtained from its concentrated solution of over 
0.002 mol., and CuSO,-3Cu(OH). is obtained from under 0.002 mol. and 
colloidal solution of simple hydroxide, CuO-2H.0O, is formed with the very 
dilute solution of 510- mol. 1. 

(3) The reason for the abnormally large current efficiency such as 
about 120% has not been cleared. From the following facts, it is cleared 
that this is the result of the secondary formation of the basic salt. 

(a) The comparison of the ordinary method of formation of the 

basic salt with its formation by the glow electrolysis. 
(b) The agreement between the current efficiency of hydroxide con- 
tained in basic salt as a constituent and that of hydroxide produced 
‘in a very dilute solution. 

(c) The weight of copper anodically dissolved shows the current 
efficiency of about 100%. 

(d) The weight of the basic salt, ZnSO,-3Zn(OH).-H.O which is 
formed from ZnO, is the sum of the weight of ZnO taken and the 
weights of ZnSO, and water combined. 


(14) F. Fischer, Z. Elektrochem., 10(1904), 427 
(15) W. Spring and L. Lucion, Z. anorg. Chem., 2(1892), 195; D. Tommasi, 
Bull. soc. chim., 37(1882), 197. 
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(4) For the mechanism of the glow-electrolysis, there is no need 
to consider the effect of heat caused by impacts between electrons and ions, 
etc., because the green 2CuO-H.O which is obtainable at ordinary tem- 
perature is formed in a very dilute solution and it changes to black 
6CuO-H.0 by heating over 77°C. 


In conclusion, the authors wish to express their hearty thanks to Dr. 
K. Baba and the late Dr. K. Kasai, Director and former Director of the 
Hitachi Central Research Laboratory, for their kind advice and encourage- 
ment. A part of the expense of this investigation has been defrayed from 
the Scientific Research Encouragement Grant from the Department of 
Education to which the authors’ thanks are due. 


Chemical Institute, Feculty of Science, 
Imperial University of Tokyo. 


Physico-Chemical Investigations on Catalytic Mechanism. VIII. 
On the Fischer-Tropsch Synthesis of Hydrocarbons with Special 
Reference to the Durability of Catalyst. 
(Experimental Series II.) (4). 


By Senzo HAMAI, Shiro HAYASHI and Kiyoshi SHIMAMURA. 


(Received August 1, 1942.) 


Introduction. In a previous paper’, we reported the experimental 
results relating to the durability and pretreatment of catalyst. In this 
paper we shall attempt to report some of our earlier experimental data 
for the durability of catalyst. We have been calling attention to the prime 
importance of durability of catalyst which may possibly depend on various 
factors, such as the method of preparation, history of pretreatment, con- 
stituents of the catalyst, as well as the type of promoters present and 
numerous others. For a systematic research for this type of investigation, 
the question of revivification is often taken up side by side, since the 
experimental investigation for the durability without revivification takes 
too much of the time although such data must be very essential, especially 
for developing a theory, as related to the catalytic activity and durability. 

Here, in this paper we shall present some of our durability records 
for the catalyst I,-1, Co+15%ThO.+100% Kieselguhr and V,-1, 
Co+12% U;,0c+2.5% Cu+100% Kieselguhr. Preparations of the catalysts 





(1) Report VII, S. Hamai, J. Chem. Soc. Japan, 63(1492), in press. 
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were similar to those already described in our earlier papers”). Experi- 
mental procedure was also analogous to those already mentioned in our 
previous papers. The catalyst I,-1 and V,-1 were pretreated by air at 
400°C. for 2 hours prior to H. reduction at 350°C. for 5 hours, and after 
these pretreatments, the regular synthesis was proceeded by passing a 
CO+H, mixture (CO:H.=1:2), 41./hr. at 225°C. The gas contraction 
percentage was taken as a measure of the activity, and the variation of 
the composition of the effluent gas was analyzed from time to time by 
using a modified form of the Orsat Gas Analysis Apparatus; in reality the 
gas samples were taken at the intervals of about 2 hours and analyzed. 


Experimental Results and Discussions. Table 1 is more or less self 
explanatory. In Table 2, those gas analysis data for the effluent gas for 
F, in which the catalyst I,-1, CO+15%ThO.+100% Kieselguhr has been 
employed are shown. As seen in this table, after a certain period the 
synthesis reaction seemed to be normalized and in such a case more or 
less, no methane formation was observed“). In Table 3, those data for 
F,, for the same catalyst and similar pretreatment and experimental condi- 
tions are shown. Here we also noticed that after a certain period the 








Table 1. 
; Pretreatment Exp. React. Cont. 
Pe Catalyst Catalyst Per- 
_— a Comp. Heat. H. ODurat. Temp. cent- 
No No Treat. Reduct. age 
e . Co+T hO» 4 Us0g+ Cu+ Kies ae —- ——_ : 
(°C.) (hrs.) (°C.) (hrs.) (hrs.) (°C.) (%) 
F, 1,-1 100 15 100 400 2 350 5 65 225 40 
Fy 7 - ns a vies 4 “4 15 
F,,(A-K) V,-1 _ 12 25 ” * 4 ”" 5 1292/,* " 45-35 
F4,(L) é e “ ts : 270 2 6 190-250 70 
F,9(M) ‘ * _ = . 13 250 40 
Pig**(N) ” ‘J sai gia — - -- " 225 25 
F,4(O) - ” ” yo ; ae 10% o 16 
Fy (P) ‘~ - a tel ti - 300 2 4 225-300 22 
F 19 () 2 ; 7 reer 400 2 270 5 13% 225 8 
F,,(R) ¥ ” ” oS - —_— 12 230 44 
Fy (S) . eli — 13-235 . 





Total hrs. for F,,(A-K) 
’ Rate of gas flow, 6-4 1./hr. 


(2) IV, this Bulletin, 17(1942), 166. 
V, tnis Bulletin, 17(1942), 252. 
VI, this Bulletin, 17(1942), 339. 

(3) Samples 22, 24 and 28 show a few percent of CH,; this is probably due to 
the local variation of reaction temperature on the particular part of the catalyst which 
might possibly have caused the CH, formation (i.e., temperature rises locally owing 
to the possible fluctuation of the gas flow which in turn causes the insufficient con- 
ducting of the heat.). 
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Table 2. 


(F,,) Catalyst I,-1, Co+15% ThO,+100% Kieselguhr. 


Sample 
No. 
co. 
C,H, 
C,H, 
C,,Ho,, 
0, 
CO 


CH, 
C,H, 


Sample 
No. 
Cco., 
C,H, 
CoH, 
C,H.,,, 


CH 
C,H 
N. 


Sample 


Heat treatment prior to H, Reduction, 400°C., 2 hrs. 


H, Reduction, 350°C., 5 hrs. 

Duration of Experiment, 65 hrs. 
Reaction temperature, 225°C, 

Rate of Gas Flow, 4 1./hr., CO:H,=1:2. 


Gas Analysis Data 


] 2 3 4 5 6 7 8 


0.1 0.2 5.0 12.7 7.0 4.2 2.8 2.0 
0.0 0.0 0.0 0.2 0.3 0.0 0.3 0.0 
0.3 0.2 0.0 0.3 0.8 0.7 0.5 1.0 
0.0 0.3 0.2 0.2 0.2 0.5 0.7 0.2 
0.6 0.4 0.3 0.4 0.4 0.6 1.0 0.3 
14.8 20.5 14.1 7.6 16.4 21.1 25.6 26.5 
81.3 76.9 70.0 656.8 62.9 64.1 64.0 65.4 
0.0 0.0 6.5 19.2 8.0 5.6 0.0 2.7 


0.0 0.0 0.0 0.6 2.2 0.9 0.0 0.0 
2.9 1.5 3.9 2.0 1.8 2.3 4.5 1.9 
12 13 14 15 16 17 18 19 
3.0 1.1 0.6 0.4 0.0 1.0 oO 1.0 
0.4 0.2 0.0 0.2 0.0 0.3 0.3 0.2 
0.6 0.5 0.5 0.8 0.5 0.2 0.4 0.3 
0.3 0.2 0.4 0.6 0.2 0.5 0.2 0.5 


0.4 0.5 0.3 0.3 0.4 0.4 0.3 0.4 
27.5 30.3 30.9 28.7 30.2 27.1 30.3 30.4 
61.9 65.1 65.7 66.2 66.8 68.4 65.5 65.3 

3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2.4 2.1 1.6 1.8 1.9 2.1 1.7 1.9 


23 24 25 26 27 28 29 30 
1.1 1.4 1.2 1.3 1.1 1.4 1.2 Li 
0.4 0.0 0.2 0.5 0.2 0.3 0.1 0.3 
0.5 0.6 0.6 0.7 0.7 0.5 0.7 0.4 
0.2 0.0 0.2 0.1 0.4 0.2 0.5 0.2 
1.4 0.4 0.3 0.3 0.3 0.4 0.5 0.4 
26.4 27.1 29.7 28.9 30.1 26.1 29.0 30.6 
63.9 67.4 65.9 66.6 65.6 68.4 65.9 65.5 
0.0 0.8 0.0 0.0 0.0 0.4 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.1 2.3 1.9 1.6 1.6 2.2 2.1 1.5 


* Initial Gas Mixture. 


Vill. 


2.6 
0.7 
0.7 
0.0 
0.4 
25.6 
64.8 
3.0 
0.0 


20 


1.1 
0.4 
0.5 
0.5 
0.2 
30.4 
65.8 ° 
0.0 
0.0 
1.1 


31* 


0.0 
0.0 
0.0 
0.0 
0.3 

30.7 

67.6 
0.0 
0.0 
1.4 


10 
2.6 
0.3 
0.4 
0.8 
0.3 
26.7 
64.1 
2.8 
0.0 


2.1 


64.4 
0.0 
0.0 


2.6 
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11 
2.5 
0.0 
0.5 
0.4 
0.6 
28.5 
64.7 
0.0 
0.0 
2.8 








454 


S. Hamai, S. Hayashi and K. Shimamura. { Vol. 17, No. 10, 


Table 3. 


(F,,) Catalyst I,-1, Co+15%ThO,+100% Kieselguhr. 


Sample 
No. 
co, 
C,H. 
CH, 


C,H, 
No 


Sample 
No. 


co, 
C,H. 
CA. 
C,Noy 
O, 

co 


CH, 
C,H, 
N, 


Sample 


Heat Treatment prior to H, Reduction, 400°C., 2 hrs. 
H., Reduction, 350°C., 5 hrs. 

Duration of Experiment, 65 hrs. 

Reaction Temperature, 225°C. 

Rate of Gas Flow, 4 1./hr., CO:H,=1:2. 


Gas Analysis Data 


1 2 3 4 5 6 7 8 9 10 ll 


0.0 0.2 2.4 2.0 0.4 0.8 0.6 0.5 0.7 0.3 0.4 


0.2 0.2 0.2 0.3 0.6 0.2 0.1 0.3 0.2 0.3 0.3 
0.0 9.0 0.4 0.3 0.4 0.5 0.3 0.2 0.3 0.7 0.5 
0.0 0.1 0.5 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 


0.4 0.3 0.4 0.5 0.3 0.4 0.4 0.3 0.5 0.4 0.4 
0.0 0.0 18.5 23.7 30.28 31.2 31.6 32.6 31.1 31.3 31.4 


97.9 86.2 67.6 70.2 66.1 65.1 65.1 65.5 64.9 65.2 665.1 
0.0 10.5 71.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.5 2.5 2.1 2.8 1.9 1.8 1.9 1.6 2.1 1.8 1.9 
12 13 14 15 16 17 18 19 20 21 22 
0.2 0.4 0.4 0.6 0.2 0.5 0.3 1.2 0.8 ia 0.5 
0.2 0.2 0.3 0.3 0.3 0.0 0.2 0.1 0.3 0.0 0.2 
0.3 0.3 0.8 0.2 0.2 0.5 0.3 0.0 0.4 0.7 0.3 
0.0 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.3 0.2 0.1 
0.2 0.3 0.4 0.3 0.2 0.5 0.3 0.2 0.3 0.6 4.4 

32.3 31.8 31.5 31.1 31.1 30.7 30.4 30.6 29.2 29.0 29.6 

65.1 65.6 65.4 65.9 66.4 65.4 66.7 66.5 67.0 65.7 §6.9 


0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 
1.2 1.4 Bed 1.6 1.3 2.4 1.8 1.4 1.7 2.7 2.0 


23 24 25 26 27 28 29 30 31 32 33 
0.6 0.5 0.3 0.0 0.4 0.6 0.2 0.4 0.3 0.3 0.4 
0.0 0.1 0.1 0.2 0.3 0.2 0.3 0.3 0.3 0.2 0.3 
0.1 0.5 0.0 0.4 0.2 0.3 0.2 0.2 0.0 0.3 0.2 
0.3 0.3 0.4 0.2 0.2 0.2 0.3 0.0 0.2 0.0 0.1 
0.2 0.3 0.3 0.2 0.3 0.4 0.3 0.5 0.3 0.4 0.2 
30.5 26.0 26.1 31.7 33.0 313 316 313 32.3 32.4 33.8 
67.0 70.7 71.5 662 644 643 65.9 65.1 65.3 64.7 64.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.3 1.6 1.3 1.1 1.2 1.7 1.5 2.2 1.3 1.7 1.0 
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synthesis reaction was definitely normalized so that no CH, formation was 
observed as long as the catalyst surface remained suitable to the normalized 
reaction. We noticed almost without exception that the formation of 
C.H, was observed and furthermore C.H, percentages seemed to be, more 
or less, about the same. This very fact is consistent with the view already 
discussed“) that the role played by CH. during the normal synthesis of 
the Fischer-Tropsch reaction is no longer doubtful, as it is evidenced by 


Table 4. 


F,9-(A-K) Catalyst V,-1. 
Co+12%U,0,+2.5% Cu+100% Kieselguhr. 
Heat Treatment Prior to H, Reduction, 400°C., 5 hrs. 
H, Reduction, 350°C., 5 hrs. 
Space Velocity 342. 
Reaction Temperature 225°C. 
Duration of Experiment, 19 days Fj -(A-S). 
Oil Yield 180 cc./m*. 
Rate of Gas Flow 4 1./hr., CO:H,=1:2. 


Exp. No. ee Contraction Remarks 
4 

Fy5-A 6 45 Oil Yields 

F',9-B 12 45 180 c.c./m.3 (A-E) 

F,,-C 12 40 

F,,-D 12 . 40 

F,,-E 13 40 

F,.-F 13 35 

F,,-G 12 35 

F,,-H 112/, 30 Oil Yields 

F,,-1 13 35 100-80 c.c./m?(F-K) 

Fj 9-J 13 35 

F,9-K 12 35 

F,,-L 6 70 Reduction at 270°C. by 
H, for 2 hrs. 

Reaction at 190°-—250°C. 

F5-M 13 40 Reaction at 250°C. 

F,,-N 13 25 Reaction at 225°C. 

Rate of Gas Flow 6-4 
1./hr. 

F 5-0 10% 16 Reaction at 225°C. 

F ,o-P 4 22 Reaction at 225°-300°C. 
After Rereduction at 
300C. for 2 hrs. 

F 9-Q(225°C.) 13% x Heat Treatment at 400°C 

for 2 hrs. 
H, Reduction at 270°C for 5 hrs. 

F 19-R (230°C.) 12 44 

F9-S(235°C.) 13 44 





(4) S. Hamai, this Bulletin, 16(1941), 213. 
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various accumulated facts in hydrocarbon chemistry in general’), and 
starting from CH», if polymerized to C.H,, various reactions, including 
polymerization and hydrogenation, leading to higher hydrocarbons are 
quite easily attained, as pointed out by Egloff, Schaad and Lowry“, 
furthermore, Egloff and Wilson pointed out that C.H, acts as the 
key substance in hydrocarbon chemistry, in other words, the reaction 


CHe CoH, CH 
--Co-Co—Co-— —» -—Co—Co-Co-, is faster than the reaction —Co—Co—Co- — 
CH, 


| 
—Co-Co-—Co- in the normalized reaction, while the formation of CH, at 
the initial stage predominates via different paths and its formation is 
faster at the initial stage,‘*) and as the reaction becomes normalized the 
reaction of CH, formation at the initial stage must be restricted, or 
prohibited, as we have already pointed out“). 

In Table 4, the results for the catalyst V,-1, Co+12% U,0.+2.5°-Cu 
+100% Kieselguhr, are shown. Pretreatment by air at 400°C. for 5 hours 
and H, reduction at 350°C. for 5 hours and the reaction was proceeded 
at 41./hr. and 225°C. and various other conditions are indicated in the 
table. Here we tabulated experimental duration, average gas contraction 
percentages and oil yields. Table 5 gives the gas analysis data for 
Fy5>-A—F1,-K. Here also we noticed that the methane formation at the 
initial stage and C.H, formation in every gas sample are consistent with 
the explanation already mentioned. Table 6 is for Fj,—L, where the 
catalyst was rereduced by H. at 270°C. for 2 hours then it proceeded the 
regular synthesis at 190-250°C. When the reaction temperature was as 


Table 5. Gas Analysis Data. 


F,,-(A-K) 

~ Fy,-A Fy-B Fyy-C Fyy-D Fy-E Fy-F Fy-G Pyp-H ) Fyy-I) Fyp-J  Fyg-K 
CO., 2.3 0.3 1.0 1.5 0.8 0.7 1.1 0.7 0.8 0.8 0.8 
C,H, 0.3 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C.H, 0.4 0.3 0.7 1.1 1.6 0.5 0.6 0.4 0.9 1.0 13 
C,Hp, 0.0 0.4 0.0 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 
O., 0.5 0.4 0.3 0.5 0.3 0.5 0.4 0.3 0.4 0.3 0.3 
co 20.5 30.2 29.5 304 309 303 318 306 30.6 30.7 31.2 
H, 69.0 66.0 66.6 63.9 64.7 65.8 64.1 66.4 65.5 65.8 65.2 
cH, 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C,H, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
N, 2.5 1.9 1.4 yay 1.5 2.2 1.7 1.6 he 1.4 1.4 


(5) (a) R. G. W. Norrish, Proc. Roy. Soc. (London), A 150(1925), 36. 
(b) L. S. Kassel, J. Am. Chem. Soc., 54(1932), 3949. 
(c) L. E, H. Bawn, Trans. Faraday Soc., 34(1938), 598. 
(d) D. E. W. R. Steacie, Chem. Rev., 22(1938), 311. 
(6) Egloff, Schaad and Lowry, J. Phys. Chem., 35(1931), 1825. 
(7) Egloff and Wilson, Jnd. Eng. Chem., 27(1935), 917. 
(8) S. Hamai, S. Hayashi and K. Shimamura, this Bulletin, 17(1942), 252. 
(9) S. Hamai, this Bulletin, 16(1941), 213. 
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Table 6. Gas Analysis Data. 
F,,-L, Re-reduction by H» at 270°C., for 2 hrs. 
Reaction 190 190 225 250 250 


Temp. (°C.) 
Sample No. 1 2 3 4 5 


co. 0.2 0.4 0.0 9.2 13.6 
C,H. 0.0 0.0 0.0 0.0 0.2 
CoH, 0.0 0.0 0.4 0.5 0.2 
C,H. 0.0 0.0 0.0 0.0 0.0 


n“"2n 
0. 0.7 0.4 0.3 0.5 0.4 
co 7.1 27.2 30.7 17.8 12.1 
H., 89.1 70.2 67.2 57.7 57.0 


CH, 0.0 0.0 0.0 12.0 14.6 


CH, 0.0 0.0 0.0 0.0 0.0 
N, 2.9 1.8 1.4 2.3 1.9 


CH. formation. Table 7 shows the gas analysis data for F;,-M where 
the same catalyst as F;,>—L was used but only the reaction temperature was 
varied 250-240°C. The formation of methane decreases distinctly with 
the decrease of the reaction temperature, as seen in the table. Table & 
shows the data of gas analyses for F,;,—-N where the reaction was pro- 
ceeded at 225°C.; here again we observed that at the initial stage CH, 
was found, and as the reaction was normalized, the formation of CH, was 
completely restricted, while without exception C.H, was observed. 


high as 250°C., there we found difinitely the formation of CH,—also 
Table 7. Gas Analysis Data. 


F,,.-M Continued from F,,-L 
Reaction 
Temp. } 250 250 250 250 240 240 240 
(°C.) 
—— 1 2 3 4 5 6 7 
co., 12.0 14.1 14.8 10.5 3.3 2.6 3.0 
CoH. 0.2 0.2 0.2 0.0 0.0 0.0 0.0 
C,H, 0.5 0.6 0.3 0.5 0.9 1.2 1.3 
C,, Ho, 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
0., 0.3 0.3 0.4 0.5 0.4 0.3 0.4 
co bi.7 4.6 2.5 7.5 22.1 25.9 26.1 
H,, 51.8 52.2 57.9 57.9 65.2 64.6 63.5 
CH, 18.5 25.1 18.2 17.8 4.5 2.8 3.8 
C.H, 2.6 0.0 4.0 3.2 1.4 1.2 0.5 


N. 1.3 1.9 1.8 2.1 1.9 1.4 1.7 
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Table 8. Gas Analysis Data. 


F,,-N Continued from F4.-M 
Reaction) 
Temp. ) 225 225 225 225 225 225 225 
(°C.) j 
opt} 2 3 4 5 6 7 
No. § ‘i 
co. 4.2 0.6 0.4 0.5 0.6 0.6 0.4 
C.H., 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C.H, 12 0.8 0.5 0.6 0.9 0.7 0.5 
C,,Ha,, 0.3 0.0 0.0 0.2 0.0 0.0 0.0 
0. 0.3 0.3 0.5 0.4 0.4 0.3 0.5 
CoO 24.3 29.3 30.3 29.4 30.0 28.2 29.3 
H, 59.4 66.9 66.0 67.1 66.1 69.5 67.0 
CH, 8.9 0.0 0.0 0.0 0.0 0.0 0.0 
C,H, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
N, 1.7 2.1 2.3 1.8 2.0 1.6 2.3 


Table 9 shows the data for F,,—0. Here again we confirmed the 
methane formation at 270°C. and no CH, formation at 225°C.. Table 10 
indicates the data for F,,—P where the catalyst was re-reduced at 300°C. 
for 2 hours by Hz and the reaction was proceeded at 225°C.. Table 11 
gives the data for F,,.-Q where the same catalyst was pretreated by air 
at 400°C. for 2 hours and re-reduced by H» at 270°C. for 5 hours and 
then the reaction at 225°C.. Here also we see that during a certain initial 
period CH, formation was observed then it became null after the reaction 


Table 9. Gas Analysis Data. 


Fy9-O Continued from F,.-N 
Reaction ) 
Temp. ; 270 225 225 225 225 225 
(°C.) J 
ae 2 3 4 i 6 7 
co, 2.4 12.8 1.1 0.5 0.6 0.5 0.5 
C,H. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CoH, 0.6 1.0 0.5 0.9 0.7 0.3 0.4 
C,,Ho, 0.0 0.0 0.0 0.0 0.2 0.0 0.0 
0. 0.5 0.3 0.3 0.4 0.3 0.4 0.3 
co 28.0 7.7 29.2 28.4 29.2 29.0 30.2 
H,, 66.2 59.0 67.2 67.4 67.6 68.1 66.9 
CH, 0.0 14.4 0.0 0.0 0.0 0.0 0.0 
C,H, 0.0 1.7 0.0 0.0 0.0 0.0 0.0 


N, 2.3 1.8 1.7 2.4 1.4 1.7 1.6 
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Table 10. Gas Analysis Data. 

F39-P Re-reduction at 300°C. for 2 hrs. by H» 
_—— | 225 225 225 225 

emp. (C.) j 
Sample No. ] 2 3 4 
CO, 0.0 0.2 0.4 0.6 
C,H, 0.0 ).0 0.0 0.0 
CoH, 0.0 0.4 0.6 0.7 
C,, Hy, 0.0 9.0 0.0 0.0 
0, 0.4 0.3 0.4 0.5 
CO 0.0 0.7 24.6 28.2 
H., 97.5 69.9 72.1 67.9 
CH, 0.0 ).0 0.0 0.0 
C,H, 0.0 0.0 0.0 0.0 
N, 2.1 1.7 1.9 2.1 

Table 11. Gas Analysis Data. 
F'9-Q , Heat treatment at 400°C. for 2 hrs. 
Re-reduction at 270°C. for 5hrs. by H.. 

Reaction) . 

Temp. 225 225 225 225 225 225 225 

ec.) J 
—— ; 2 3 { 5 6 7 
CO., 9.2 4.0 2.0 0.9 0.5 V0.5 0.4 
H.H. 0.0 0.0 0.2 0.0 0.0 0.0 0.0 
CoH, 0.2 0.3 0.3 0.5 0.5 0.6 0.6 
C,,H.,, 0 0.0 0.0 0.0 0.0 0.2 0.2 
O. 0.6 0.3 0.4 0.4 0.4 9.3 0.4 
CO 0.0 2.8 24.3 29.4 30.1 30.7 29.4 
H,, 96.3 75.0 62.7 66.9 66.5 66.2 66.9 
CH, 0 14.6 7.7 0.0 0.0 0.0 0.0 
CoH, 9.0 9.0 0.0 0.0 0.0 0.0 0.0 
N,, 2.9 2.1 1.9 1.8 2.0 1.5 2.1 

attained so-called normalized condition. Table 12-13 indicate the data 


for the reaction temperatures 230°-235°C., respectively. Here once again, 
as far as the CH, formation and C.H, formation are corcerned, they are 
no exceptional cases, as already stated before. As seen in these data, the 
fact that the CH, formation predominates at the higher reaction tempe- 
rature is probably due to the circumstance that the formation of CH, 
becomes faster and of comparable order with the normalized synthesis 
reaction. (Within the tested temperature ranges). 
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Table 12. Gas Analysis Data. 


Fyy-R (Continued from Fj -Q) 
Reaction ) 
Temp. ) 230 230 230 230 230 230 230 
°c.) J 
—e) 2 3 4 5 5 7 
CO, U.5 3.0 27 1.6 1.1 0.7 1.0 
C,H, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C,H, 0.8 0.7 1.0 1.1 0.9 0.5 0.9 
C,H, 0.2 0.3 0.3 0.3 0.0 0.2 0.0 
O. 0.5 0.3 0.4 0.4 0.4 0.5 0.4 
CO 30.2 26.2 26.9 28.9 29.6 29.9 29.4 
H, 65.4 61.1 61.7 61.7 66.2 66.0 66.2 
CH, 0.0 74 5.3 4.4 0.0 0.0 0.0 
C,H, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
N, 2.4 1.3 By 1.6 1.8 2.2 2.1 


Table 13. Gas Analysis Data. 


Fy9-5 (Continued from Fj -R) 

Reaction : ; =a 

Temp. ,235 235 235 235 235 235 235 235 

(-C.) J 

— = 2 3 4 5 6 7 8 
co. 0.9 3.7 4.4 2.8 2.5 2.6 1.6 1.2 
C,H, 0.0 0.0 0.0 0.0 U.0 0.0 0.0 0.0 
CoH, 1.1 1.2 ).9 0.9 0.8 0.8 0.6 0.7 
C,H., 0.2 0.0 0.4 0.3 0.38 0.4 ).2 0.0 
C. 0.5 0.3 0.4 0.4 0.3 0.6 0.4 0.3 
CO 27.3 26.1 25.6 27.6 27.4 25.5 28.7 29.5 
H., 67.8 60.7 58.5 62.2 63.7 61.1 66.5 66.8 
CH, 0.0 6.3 7.9 2.9 3.8 5.6 0.0 0.0 
C.H,, 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 
N,, 2.2 1.7 1.9 1.8 1.2 2.4 2.2 1.5 


Thus, we have demonstrated rather conclusively that the formation 
of CH, at the initial stage predominates and it gradually becomes null as 
the reaction surface is normalized, and these have been tested with 
various different pretreatments as well as different reaction temperatures. 
Furthermore, we also have shown that as the reaction temperature 
becomes higher the CH, formation definitely tends to become appreciable; 
and without exception, the C.H, formation, with a fairly constant amount, 
can be observed even with the catalyst composition differing and with 
various different pretreatments. 
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Summary. 


(1) The durability experiments with the catalysts, Co+15%ThO2t+ 
100% Kieselguhr and Co+12%U;0,+2.5% Cu+100% Kieselguhr, are re- 
ported and tabulated. 

(2) Following mainly the gas analysis data, the normalized reaction 
was discussed with special reference to the initial formation of CH,. 

(3) Some correlations with the formation of C.H,, in connection 
with our reaction mechanism already proposed, as well as the predominat- 
ing tendency of CH, formation at higher reaction temperature have been 
given. 
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